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It was reported by Freeman (1951) and Freeman and Morse (1952) that exposure of certain nontoiigenic strains of Corynebacterium diphtheriae to specific bacteriophage resulted in the appearance of toxigenic C. diphtheriae which were resistant to the bacteriophage. It was established further by Freeman (1951) that all toxigenic cells isolated from the resistant growth were lysogenic, carrying a phage which was capable of lysing the parent, nontoxin producing strain. Although the present work was undertaken to examine the kinetics of the population changes occurring in such a system, it has shed considerable light on the mechanism of the change from the nontoxigenic to the toxigenic state. Two possible explanations were advanced to account for the phenomenon (Freeman, 1951; Freeman and Morse, 1952) . They were (1) the spontaneous development of toxigenic mutants and subsequent selection by phage, and (2) the alteration of bacterial metabolism as a result of the formation of the lysogenic complex. The possibility that the change was induced by an agent other than phage must be considered also. The evidence to be presented is best interpreted on the basis of an induced change, and the concurrence of lysogenicity and toxigenicity in the newly formed toxigenic celLs suggests a significant role for phage.
MATERILS AND METHODS
Bacterial cultures. Strain 444 of nontoxigenic C. diphtheriae (Freeman, 1951) was used throughout the study. This parent, nontoxigenic strain will be referred to as 444A and the lysogenic toxin producing strains derived from it as 444V.
Strain 444A-1, to be described later, also was used in host range tests. Stock cultures were maintained on Loeffler's medium and were trans-1 Supported in part by State of Washington funds for medical and biological research. ferred monthly. All cultures were incubated at 34C.
Bactiophage. The phage used in the work to be described was designated 444V/A. It was produced originally by lysogenic strain 444V and propagated on strain 444A. Purification was accomplished by five successive single plaque isolations on 444A. In all probability phage 444V/A is identical with phage B described by Freeman (1951) . It was derived from a lysogenic strain originating during an infection by phage B. All stock phage suspensions were checked for sterility just prior to their use.
Media. The in vitro agar medium (King et al., 1950) was used for virulence testing of C. diphteriae with the concentration of NaCl increased to 0.5 per cent as suggested by Hook and Parsons (1951) . Pooled sheep serum stored frozen until use was added as the required supplement. Once thawed it was stored at 4 C. In all other experiments heart infusion broth (Difco) was used for both broth and solid media and as a diluent. The final pH of the media was 7.2 to 7.4. Difco agar was used where necessary.
Antitoxin. Commercial antitoxin (Lederle) was used throughout.
Methods employed with the phage-host 8ystem.
High titer phage stocks were prepared in aerated broth cultures. Phage was assayed by the agar Jayer method and phage antiserum by an activity neutralization test. The techniques employed have been described by Adams (1950) . Conditions for the quantitative determination of a closely related diphtheria phage were reported previously (Groman and Lockart, 1953) and were employed in the current work.
Bacterial counts. The pour plate method was employed for bacterial counts. For consitent results it was found advisable to add the aliquot growth of C. diphtheriae, the plate counts represent clump counts.
Differeniation of nontoxin and toxin producing colonies. A means of differentiating nontoxin from toxin producing cells was required in order to follow population changes. Gross differences in nutrition between the nontoxigenic and toxigenic strains were not observed nor were differences in colonial or microscopic morphology (Groman, 1953a) . Serological identity of the two strains (Freeman and Morse, 1952) Indicator mixture for one plate was prepared by adding 0.5 ml of bacteria (strain 444A) at a concentration of approximately 1 X 10' per ml to 4 ml of melted heart infusion agar (0.7 per cent). As a control the supernate of a known lysogenic strain was used. After hardening, the plates were incubated overnight and plaques could be discerned easily with the lysogenic strains. Occasionally complete clearing occurred and in order to avoid confusing this with a lack of growth, a control well with indicator strain alone was included.
The "well" method was used also for host range After approximately 36 to 48 hours of incubation colonial growth and halo production on the differential medium were advanced sufficiently for the plates to be examined. The total colony count of each plate was recorded. A significant proportion of the colonies showed evidence of "nibbling", an effect interpreted as being due to phage contmn ation. As a result a distribution count of nontoxigenic intact, nontoxigenic contaminated, toxigenic intact, and toxigenic contaminated colonies was made. Concern about the numbers of contaminated colonies was centered about the interpretation of their origin, in particular the origin of contaminated haloed colonies. This problem will be discussed later.
Following these distribution counts a number of representative colonies from each sample were restreaked on heart infusion agar in order to obtain clones free from external phage. Colonial isolates were picked to heart infusion broth and incubated overnight. The following day these cultures were checked for their sensitivity to the original phage preparation and for lysogenicity. Thus (Groman, 1953b) are suggestive of the probability that the toxigenic population did not develop from mutants present in the initial inoculum but as a result of an induced change.
DISCUSSION
The data which have been presented show that the change from nontoxigenicity to toxigenicity occurs in a relatively high proportion of nontoxigenic C. diphteria exposed to phage. It is possible that the present work is related to that reported by Zinder and Lederberg (1952) and Berry, McCarthy, and Plough (1952) . Both groups of investigators have presented evidence which demonstrates the transfer of various nutritional characteristics from one strain of salmonella to another by an agent designated FA (filterable agent). This new mode of character transfer has been called transduction. Zinder and Lederberg (1952) have presented evidence which implicates bacteriophage as a pasive carrier of the transducing principle. It is not possible at this time to decide with certainty whether the salmonella and C. diphteria. system are analogous. The relative numbers of C. diphtheriae on which toxigenicity was conferred as indicated in the experiments thus far performed are of a much higher order of magnitude than any single transduced character reported by Zinder and Lederberg. Nevertheless, this difference could be quantitative rather than qualitative in nature.
The exact origin of the principle inducing tonxgenicity still remains unsettled. The phage B suspension used by Freeman (1951) originated from the lysis of a virulent strain of C. diphteria.. The loss of the ability to induce toxigenicity after a series of single burst infections of phage B on strain 444A has been observed and would tend to support the concept that the inducing agent cannot be regenerated on the nontoxigenic strain. However, selection of a virulent phage mutant incapable of establishing lysogenicity also could explain this finding. On the other hand, inducing activity was maintained through five successive single plaque isolations on strain 444A, a fact which would indicate maintenance of the inducing agent on nontoxigenic cells. Restudy of these isolated observations is necessary before a clear picture will be available.
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SUMAMARY
The origin of toxigenic Corynebaderium diphtheriae resulting from the action of phage 444V/A, on nontoxigenic C. diphthria, strain 444A, has been studied by following population changes which occurred during a 24 hour incubation period. 
